This article analyzes the relationship between remittances, exchange rates and money demand in Mexico. We find that shocks to remittances have a positive impact on domestic money demand. The results also suggest the existence of a bi-directional relationship between remittances and the exchange rate. Furthermore, positive shocks to remittances are found to have a negative impact on Mexico's real exchange rate. This indicates that remittances appreciate the Mexican peso and therefore, may impact the competitiveness of the tradable sector negatively.
Previous studies suggest that households convert a fraction of the remittances received into local currency. This is evident from the studies showing that remittances respond to changes in exchange rates (El-Sakka and McNabb, 1999; Faini, 1994; Higgins et al., 2004; Yang, forthcoming) . However, the relationship between remittances and the exchange rate may be more complicated. Another line of research has found that remittances appreciate the home country currency (Amuedo-Dorantes and Pozo, 2004; Bourdet and Falck, 2006) . Exchange rate appreciation can give rise to a phenomenon similar to the Dutch disease. In the Dutch disease phenomenon there is an appreciation of the currency that makes the country's exports more expensive on international markets.
As a result, there is a decrease in the competitiveness of the tradable sector.
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In this article we develop a model incorporating remittances and exchange rates as determinants of money demand in Mexico. The empirical estimation is conducted using variance decompositions (VDCs) and impulse response functions (IRFs) derived from a structural vector error correction model (SVEC) . The use of a SVEC model can address the potential endogeneity between remittances and other macroeconomic variables.
This endogeneity appears to be present, for example, with respect to the exchange rate and remittances. As mentioned above, while some studies find that the exchange rate affects remittances, others find that remittances affect the exchange rate. The relationship between remittances and the exchange rate is likely to depend on the currency that the household uses to consume goods and services. At the same time, money demand depends on household income. Remittances represent an important share of income for a large portion of the households in Mexico. Thus, arguably, money demand is also endogenously related to remittances and exchange rates. Previous studies have either ignored this simultaneity or have addressed the issue for only some of the variables.
Also, in contrast to previous studies, our estimation methodology allows for a dynamic response of the exchange rate and money demand to shocks in remittances. For instance, it may be possible for remittances to increase the demand for domestic currency in the short-run, but decrease the demand for domestic currency in the long-run.
The remainder of the article is organized as follows. Section 2 discusses money demand equations in an open economy. Section 3 explains the econometric methodology.
Section 4 presents the data. Section 5 reports the results, while a deeper discussion of the results is included in Section 6. Section 7 concludes.
Money Demand in an Open Economy
The traditional variables in a money demand equation include domestic income and domestic interest rates. Income is included to account for the transactions motive for holding money. Interest rates determine the opportunity cost of holding money. Two variables commonly included in money demand equations in the context of an open economy are exchange rates and foreign interest rates. Exchange rates are included to account for the fact that households may consume foreign goods for which they need to pay with foreign currency. The exchange rate is the price of converting domestic currency into foreign currency. Foreign interest rates are included to account for the fact that households may hold assets denominated in a foreign currency.
Assume that the representative household maximizes the present value of utility over two periods. Following the traditional shopping-time model, assume that utility in the first period depends on consumption and leisure. Utility in the second period depends on the remaining level of wealth (W).
The household consumes goods which are available for purchase using Mexican pesos (C) and goods that are available for purchase using U.S. dollars (C*). Leisure (L) depends positively on the holdings of Mexican pesos (M) and U.S. dollars (M*), and negatively on C and C*. Intuitively, in order to consume the household needs both, time and money. Holding money balances (of domestic and foreign currency) reduces the time involved in shopping, since the household does not need to spend time obtaining money from another source (e.g. a visit to the bank). Wealth in the second period depends on the return to investments in the host and home country, and money holdings.
Allowing β to be the discount factor, the representative agent two-period utility function is
In the first period, the household consumes both kinds of goods (C and C*), invests in domestic and foreign assets (B and B*), holds domestic and foreign currency (M and M*) and receives income (Y). Remittances represent an increase in the household's income. In this framework, the household receives a transfer in U.S. dollars from the immigrant (R).
Hence, the constraints for the household can be written as
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where I and I* are the domestic and foreign interest rates, respectively, and Q is the real exchange rate, defined as domestic currency per unit of foreign currency (i.e. Mexican pesos per U.S. dollars).
The key difference between Equation (2) and the budget constraint in the traditional open economy shopping-time model is the second term in the left hand side (QR). In this case, the household is receiving a transfer from abroad. Given the objective function (Equation (1)), subject to the constraints (Equation (2) and Equation (3)), the necessary first-order conditions imply:
Equation (4) states that the marginal rate of substitution between domestic and foreign goods equals their relative price, that is, the exchange rate. Equations (5) and (6) state that the marginal rate of substitution between cash balances and consumption equals 
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Thus, money demand equations in an open economy should include variables such as domestic income, remittances, domestic interest rates, foreign interest rates and the
exchange rate. Intuitively, an increase in remittances (or income in general), will encourage the household to increase money holdings for transaction purposes.
On the other hand, remittances in Mexico can be seen as a macroeconomic phenomenon. There are a large number of households receiving remittances. This may encourage the use of the U.S. dollar as a medium of exchange. Consequently, the household may be able to buy more goods and services in Mexico using U.S. dollars.
This suggests that from a macroeconomic perspective, remittances can lead to substitution of Mexican pesos with U.S. dollars.
Methodology
This article uses impulse response functions (IRFs) and variance decompositions (VDCs) derived from a structural vector autoregression (VAR) to study the relationship between remittances, exchange rates and money demand in Mexico. The use of a VAR addresses the potential endogeneity between remittances and other macroeconomic variables. Moreover, this methodology allows us to observe the dynamic relationship among the variables.
IRFs show the predictable response of each variable after a shock to another variable in the system. For example, if the IRF of remittances after a shock to the exchange rate is positive, then presumably remittances respond positively to innovations in the exchange rate. VDCs show the portion of the forecast error variance for each variable that is attributable to its own innovations and to innovations from the other variables in the system. In order to compute VDCs and IRFs the residuals must be orthogonalized. In this article, Bernanke's (1986) Our main focus is on the relationship between remittances, exchange rates and money demand. However, in Section 2 we showed that money demand depends on variables other than remittances and exchange rates, such as income and interest rates.
Moreover, remittances and exchange rates may also depend on these variables. Therefore, by including only remittances, exchange rates and money demand in the estimation, we could reach a misleading conclusion. In order to obtain accurate inferences, we also need to include a series of control variables to account for the U.S. and Mexico's income, as well as interest rates in both countries. and remittances (R). 5 The specification of the structural model is given in Equations (8) to (13). Equations (8) to (13) give a structure for the VAR contemporaneous innovations, lagged relationships among the variables are not restricted. Lower case letters represent the first stage VAR residuals of the corresponding variables:
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Equation (8) is based on the assumption that innovations to U.S. income are contemporaneously uncorrelated with innovations to other variables. Equation (9) is Mexico's IS curve. Equation (9) includes m to allow for real balance effects. Equation (10) relates Mexico's exchange rate with Mexico's income, the interest rate differential and remittances. The inclusion of remittances in Equation (10) is justified by evidence that remittances have important effects on exchange rates (Amuedo-Dorantes and Bourdet and Falck, 2006) . The interest rate differential reflects the fact that the exchange rate may be impacted by capital inflows (other than remittances), that are attracted by differences in the return to investment between the two countries.
Equation (11) is an inverse money supply function together with Mexico's Central Bank reaction function. The inclusion of y, y* and q implies that Mexico's Central Bank responds to contemporaneous shocks in the world's economic conditions (proxied by y*), domestic output, and exchange rates. In Equation (12), we have that r is a function of y and y*. This is consistent with the evidence that remittances respond significantly to changes in the home and host country economic conditions (Katseli and Glytsos, 1986; Vargas-Silva and Huang, 2006) .
Money demand is represented by Equation (13). As we discussed in Section 2, money demand depends on domestic variables such as income and interest rates (see Equation (7) and Equation (7')). Further, as argued in Section (2), in the open economy context, exchange rates, foreign interest rates and remittances also affect money demand.
Hence, these variables are also included in Equation (13).
Data
In 1994 Mexico experienced a financial crisis. This crisis brought a large depreciation of the Mexican currency, which sent inflation soaring and set off a recession. To place some distance between the crisis and the empirical analysis, the data used in the estimation is restricted to the period January 1996 -November 2006.
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The real exchange rate is defined as Mexican pesos per U.S. dollars, and is constructed using the consumer price index of both countries. The consumer price indexes are seasonally adjusted, while the nominal exchange rate is not. Before the year 1995, Mexico operated under a crawling peg exchange rate system. There was a narrow target band for the nominal exchange rate (the Mexican peso vis-á-vis the U.S. dollar).
The upper limit of the band was raised slightly each day by a preannounce amount, allowing for a gradual devaluation of the Mexican peso. In response to the crisis, 6 Main results are robust to the use of January 1995 -November 2006 as the sample period.
Mexico's Central Bank adopted a free-floating exchange rate system. Calvo and Reinhart (2002) argue that Mexico, among other countries, has occasionally exhibited "fear of floating" and that there has been some intervention on the part of the Mexican authorities to manipulate the exchange rate. However, most of the evidence points out to the fact that Mexico has maintained a free-floating exchange rate. For instance, Edwards and Savastano (1999) find that in terms of exchange rate volatility, Mexico does not appear to be different from other floaters, and conclude that Mexico has a free-floating exchange rate system. Moreover, Edwards (2002) argues that "Mexico's experience can be used as an illustration of one way in which a floating regime might work in an emerging
Income is measured as seasonally adjusted industrial production for both the U.S. (1) and (2) report total family remittances, columns (3), (4) and (5) 
Results
We start the analysis by testing all variables for stationarity. We apply the Dickey and Fuller (1981) and the Kwiatkowski et al. (1992) stationary tests to each of the series.
The results indicate that all the variables have one unit root.
Next we conducted the Johansen (1988) The VDC of remittances is reported in Table 2 . In Table 2 and in the tables that follow, we report point estimates with standard errors in parentheses. The standard errors are calculated using 2,000 bootstrap simulations. Table 2 indicates that after 24 periods (two years), the exchange rate explains 29 percent of the forecast error variance in remittances. It also seems that U.S. income explains a significant portion of the variance in remittances (34 percent after 24 periods). This is not surprising, since U.S. income should be strongly correlated with the remitting capabilities of Mexican immigrants residing in the U.S.
In Figure 1 we present the response of remittances after a one standard deviation shock to the exchange rate. In Figure 1 and in the figures that follow, the upper and lower bounds represent a two-standard deviation confidence interval. The confidence intervals are computed via Monte Carlo simulation with 2,000 draws. Remittances increase in response to a positive shock to the exchange rate (depreciation), but the confidence interval contains zero. We therefore cannot conclude that the effect of exchange rates on remittances is either positive or negative.
The VDC of Mexico's real exchange rate is reported in Table 3 . Up to 47 percent of the variation in exchange rates is explained by remittances. Likewise, money seems to have an important impact on the exchange rate. In traditional economic models, an expansion of the domestic money supply (more Mexican pesos available) depreciates the domestic currency (decreases the price of Mexican pesos).
The response of the exchange rate to a shock in remittances is shown in Figure 2 .
The exchange rate appreciates after a positive shock to remittances. The appreciation exceeds one percent and the response is significant for up to fifteen periods (one year and three months) after the shock.
The VDC of domestic money demand is reported in Table 4 . Remittances explain 38 percent of the variance in money after two years. There is also evidence that interest rate differentials have important effects on Mexico's domestic money demand. Interest rate differentials reflect the difference in return between holding domestic assets (assets denominated in the domestic currency) and foreign assets (assets denominated in a foreign currency).
The response of domestic money demand to a shock in remittances is shown on Figure 3 . Domestic money demand seems to respond positively after shocks to remittances. At its peak, the impact is close to one percent, and is significant for eleven months. This suggests that households increase their holdings of domestic currency after positive shocks to remittances.
We also conduct an estimation replacing the portion of Mexico's M1 that is in Mexican pesos, with the portion of Mexico's M1 that is in U.S. dollars. The VDC of holdings of U.S. dollars is reported in Table 5 . The results suggest that remittances do not have a significant impact on the forecast error variance of holdings of U.S. dollars in Mexico. The only variable that explains a significant portion of the variance is Mexico's income. The IRF of holdings of U.S. dollars after a shock to remittances is shown in Figure 4 . The result in Figure 4 is surprising. It seems that remittances have a negative effect in the holding of U.S. dollars in Mexico. While the result is only significant for two periods, the drop in holdings of U.S. dollars exceeds two percent.
Interpreting the Results
The high percentage of the variation in remittances explained by the exchange rate suggests that households convert a fraction of the remittances received into local currency. If households are not converting remittances into local currency, then the immigrant should not be concerned about the exchange rate.
Moreover, if the household is converting remittances into local currency then immigrants should adjust the amount of the transfer in response to changes in the exchange rate. For instance, after a real depreciation of the Mexican peso, each U.S.
dollar of remittances will be worth more to the household. This means that the household needs fewer U.S. dollars to consume a certain bundle of goods. If the purpose of the transfer is to make a certain bundle of goods available to the household, then the emigrant should decrease the amount of U.S. dollars that he/she is sending back home.
Furthermore, if the immigrant is making a long-term investment with remittances or remitting to build a retirement nest-egg, then fewer U.S. dollars will be required to reach certain target levels of investment.
On the other hand, now each U.S. dollar of remittances is worth more in the home country. If the immigrant has investments in both countries, but plans to return eventually to Mexico, then it may be better to take of advantage of the depreciation by investing more in Mexico. Also, it is possible that the immigrant wants to send more because each U.S. dollar of remittances will benefit his/her family more. For instance, it is possible that after the depreciation the household will be able to send their children to a better school by receiving some more U.S. dollars, and that this was not possible before the depreciation.
In summary, remittances may increase or decrease after a depreciation of the Mexican currency. Hence, whether remittances increase or decrease boils down to which of these two effects dominates. Results in Figure 1 suggest that the response of remittances after a shock to the exchange rate is positive but not significant. We do not have evidence that one of these effects dominates the other.
The relationship between remittances and the exchange rate is also evidenced by the significant percentage of the variance in exchange rates that is explained by remittances. There seems to be a bi-directional relationship between remittances and the exchange rate. Moreover, the Mexican currency tends to appreciate after shocks to remittances. This is consistent with the results of previous studies using different methodologies (e.g. Amuedo-Dorantes and Bourdet and Falck, 2006) .
Remittances appreciate the home country currency, making the country's exports more expensive on international markets. This, in turn, may have a negative impact in the competitiveness of the tradable sector.
There are various potential explanations for this finding. It could be the case that households in Mexico demand more local currency after receiving remittances. The increase in demand for Mexican pesos appreciates the Mexican currency. It is also possible that households simply demand more goods after receiving remittances. Given the limited supply of non-tradable goods in Mexico, this may increase the price of nontradable goods. The price of tradable goods is determined by the world price and can be taken as exogenous. In the traditional Balassa-Samuelson framework the real exchange rate is taken as the ratio of the price of tradable goods over the price non-tradable goods.
The Mexican peso appreciates because the price of non-tradable goods rises, while the price of tradable goods stays constant.
The VDCs also indicate that there is a bi-directional relationship between remittances and money. Furthermore, the IRFs indicate that remittances are affecting domestic money demand positively. This is consistent with the evidence that remittances are being converted into domestic currency. An increase in the volume of remittances increases household income. As such, the household may want to increase domestic money holdings for transaction purposes. Remittances are another useful variable to use when estimating domestic money demand in Mexico.
Alternatively, if the household is using U.S. dollars to consume, the increase in remittances should have a positive impact on the holdings of U.S. dollars. These two possibilities are not mutually exclusive, that is, the household may hold more of both currencies. The IRFs suggest to the contrary, that remittances affect the holdings of U.S.
dollars negatively.
We find it interesting that remittances have a negative impact on the holdings of U.S. dollars. One possible explanation lies with the relative stability of the Mexican economy after the 1994 crisis. It is possible that the relative stability encouraged
Mexicans to hold more local currency and fewer U.S. dollars. At the same time, the relative stability may have encouraged some remitters (e.g. those that remit for investment purposes or to build a retirement nest-egg), to remit more. The results indicate that remittances have a positive impact on domestic money demand. This suggests that increases in remittances have a similar impact on domestic money demand as increases in other sources of income. After the increase in income, the household holds more money for transactions purposes. We also detect a bi-directional relationship between remittances and the exchange rate. Furthermore, positive shocks to remittances tend to appreciate Mexico's real exchange rate.
While remittances may serve as a source of external financing for Mexico, the results suggest that remittances appreciate the Mexican peso, thereby disadvantaging export industries in world markets. If the flow of remittances to Mexico continues to increase, the Mexican government may find it advantageous to devise policies that minimize the negative impact of remittances on the tradable sector.
The present article has provided evidence on the existence of a bi-directional relationship between remittances and macroeconomic variables of the home country.
Future studies should treat remittances as a variable that is endogenous to other home country macroeconomic variables and not as an exogenous flow of money from abroad. 
